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ABSTRACT: Since 2000, with Tianjin port developing rapidly，the class of waterway always improving, the bottom 
elevation of channel increased from -14.0m to -20.0m. In the paper, the slope stability of main channel, the through 
capacity of compound navigation channel and sedimentation law of channel of Tianjin port is researched by using of 
numerical analysis, a simulation model and field test which are three key problems in the channel extension project. 
Research has revealed that the 1: 3 design angle of the navigation channel slope in the Tianjin port is safe enough to 
keep stable in a whole and the investment was greatly saved. A simulation model for the characteristics of the 
navigation channel is established which is used to forecast the through capacity of channel of Tianjin harbor. A 3-
dimension tidal flow and sediment mathematical model is set up which is used to simulate numerically the flow field 
and sediment deposition in the channel. Meanwhile an empirical formula of computing sediment deposition of 
compound navigation channel is presented. 
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INTRODUCTION 
Tianjin port is located at muddy coast in the western 
Bohai bay, sediment there is very thin and the beach 
surface is gentle. Since 2000, 100,000 ton, 150,000 ton, 
200,000 ton and 250,000 ton deepwater compound 
navigation channel is finished by construction one after 
the other. The bottom elevation of channel increased 
from -14.0m to -20.0m. The ships which put over to the 
harbour are expected to rise 50 percent by 2020. All 
large ships over 70 000 dwt will double itself in time. 
The navigating capacity of port is insufficient and the 
channel will be widened and dredged. 
In the channel extension project, there are three key 
problems: if the channel slope can be less than the 
current 1:5; the mount of the deposition and the 
calculation methods of deep-water compound navigation 
channel; how to evaluate the through capacity of 
compound navigation channel. In the paper, the slope 
stability of main channel, the through capacity of 
compound navigation channel and sedimentation law of 
channel of Tianjin port is researched.  
 
THE RESEARCH ON REASONABLE SLOPE OF 
THE DEEPWATER CHANNEL OF TIANJIN 
PORT 
In the channel extension project，slope stability is 
one of key technologies. If the slope is too steep, the 
slope failure will happen and if there is a high side - 
slope, the volume of excavation will get a large rise and 
consumes huge amounts of time and money. After many 
years of theoretical research and engineering practice in 
the Tianjin port [1], the 1: 5 design angle of the 
navigation channel slope is accepted saving the 
investment. 
 
The Slip Circle Method Computation 
The slope stability of main channel 9+000 and 
16+000 sections of Tianjin port are computed by using 
of the slip circle method with the slope 1:5, 1:3 or 1:2. 
The calculation results show that the 1: 5 design angle of 
the navigation channel slope in the Tianjin port is safe 
enough to keep stable in a whole and meantime when 1: 
3 and 1:2 design angle of the navigation channel slope is 
used, resistance partial coefficients satisfy requirements 
of the design code.  
 
Numerical Analysis on Slope Stability during the 
Process of Channel Excavation  
The international Plaxis finite – element software is 
used to simulate the process of 300,000 ton deepwater 
navigation channel and study the slope stability of the 
channel. The results show that stresses in the slope 
maintained at a lower stage during the process of 
channel excavation, 1: 2 design angle of the navigation 
channel slope can keep the basic stability. 
The safety factor is 2.00,2.36 and 3.25 when the slope is 
1:2,1:3 and 1:5. 
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The Measurement 
The slope of 21 slope sections from channel section 
9+0 to 26+0 are measured and analyzed. The mean slope 
from channel section 9+0 to 26+0 is 1：2.91. The slope 
from 15+0 to 16+0 is designed to 1:3. The slope of 5 
sections from channel section 15+0 to 16+0 are 
measured with the slope from 1:2.4 to 1:3.1 and the 
mean slope of 1:2.78. It is proved the 1: 3 design angle 
of the navigation channel slope is safe and according 
with previous results.  
 
RESEARCH ON SEDIMENT DEPOSITION IN 
DEEP-WATER COMPOUND NAVIGATION 
CHANNEL 
 
Mathematical Model Research  
The 3-D MOHID model is adopted to calculate tidal 
flow and sediment transport [2]. Wave is calculated by 
using of SWAN [3].  
Grid nesting technique of large, medium and small 
scales is applied to simulate tide field of Tianjin port sea 
area. The large scale model (2D model) can simulate tide 
field in large area and then provide water boundary 
condition for medium scale model. The medium scale 
model is Bohai bay sea area and the small scale model 
can finely simulate the hydrodynamic characteristics in 
channel. The fetched variable grid system was 
established in the model, in which minimum mesh 
widths is 50m. 
The channel for 300 000 dwt ships is designed to 
have a effective width of 390m from 12+200 kilometer 
to 36+0 kilometer, design bottom elevation of -19.5m, a 
bottom width of 320m outside 36+0 kilometer, design 
bottom elevation of -19.5m, design bottom elevation of -
22.5m from 44+0 kilometer to 49+0 kilometer, a side 
slope of 1:5. 
Fig.1 showed deposition thickness along channels. 
Seen from Figure 2, deposition thickness distribution in 
three channels were similar and deposition thickness was 
small in the entrance of Tianjin port and first increased 
and then decreased inward or outward from the entrance. 
With the influence of circulation in the entrance, 
deposition thickness was biggest in 13+0~14+0 
kilometer of main channel, 0.73 m/a. Inside 13+0 
kilometer, deposition thickness was decreased gradually 
because the flow velocity and sediment concentration 
decreased gradually.The maximum of deposition 
thickness is 0.72 m/a in the north and south channels. 
The deposition thickness in the main channel is bigger 
than in the north and south channels and the trend is 
more significant with channel length increasing. 
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Fig.1  The distribution of deposition thickness of the 
channels  
 
Empirical Formual Computation 
After analyzing the change of flow velocity and flow 
direction in the compound navigation channel, the 
empirical formula of sediment deposition of deep-water 
compound navigation channel is established using basic 
theories of flow and sediment transport.   
The average deposition thickness in the compound 
navigation channel and deep-water channel is shown in 
the following formula: 
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where 21 ss
 、
 are deposition thickness in the 
compound navigation channel and deep-water channel 
respectively； t  is time. 
Amount of sedimentation is given in the following 
formula: 
 
         1111 lbss      (3)        2222 lbss      (4)    
 
 where 
1 2,s s   are amount of sedimentation in the 
compound navigation channel and deep-water channel 
respectively ；
1 2,b b  are the width of compound 
navigation channel and deep-water channel 
respectively ；
1l  is the length of shallow-water 
channel；
2l  is the length of deep-water channel. 
The deposition thickness and amount of 
sedimentation in the compound navigation channel are 
computed by using empirical formula ( s =0.45，
s =0.0005m/s c =640kg/m
3) and results are showed 
in Table 1. Compared the results of empirical formula 
with that of mathematical model, The former is larger 
59×104 m3/a than latter. 
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Table 1   The amount of sedimentation in the compound 
navigation channel 
Computati
onal 
method 
Item 
North 
channel 
Main 
channel 
South 
channel 
Total 
Empirical 
 formula 
deposition 
thickness 
(m) 
0.32 0.40 0.49 ―― 
amount of 
sedimentation 
(×104m3) 
127 421 44 592 
Mathemati
cal model 
deposition 
thickness 
(m) 
0.47 0.37 0.40 ―― 
amount of 
sedimentation 
(×104m3) 
142 353 38 533 
 
RESEARCH OF NAVIGATING CAPACITY OF 
TIANJIN PORT CHANNEL 
Because of the construction of deep-water compound 
navigation channel, navigable waters for shipping is 
more complicated and traffic flow will intersections, the 
ship maybe turn around in the channel, main channel and 
branch of main channel join and so on. The channel of 
Tianjin port is not only a passage for ships through the 
channel, traditional approach of navigating capacity is 
not fit to the main channel of Tianjin port. In the paper, a 
theoretical calculation model for navigating capacity suit 
for the main channel of Tianjin port is designed and 
navigating capacity is simulated using numeric simulate 
technology.  
 
Navigating Capacity Simulation System 
The navigating capacity simulation system of the 
main channel of Tianjin port can fully simulate the 
whole process from the ship arriving at the anchorage to 
leave the port after loading and unloading. Using this 
system, users can simulate historical traffic flow of port 
and waterway based on historical data and can also 
predict the future traffic flow of the port and waterway 
based on the predication the ship and navigation data. In 
the process of system simulation, the user can not only 
timely understand to channel traffic flow situation, but 
also the production situation of berth, quay. 
 
The system logic model 
According to the navigation operating system, 
independent event in the system are abstracted to vessel's 
arrival ，mooring，inward navigation，berthing , cargo 
handling operation,  unberthing, Outward navigation, out 
of the harbour and so on. These events are triggered 
under certain conditions, which makes the system 
forward from one state to another state. According to the 
system logic model of the system is established and the 
trigger condition of independent events such as shown in 
fig. 2. 
 
Fig.2.  The simulation model diagram of anchorage - 
Channel – berth 
 
Ship’s arriving model 
The system logic model is established from ship’s 
arriving. Ship’s arriving model is establishes based on 
the result of maritime traffic investigation. The ship’s 
arrival law obeys the Poisson distribution and ship’s 
arriving interval obeys the Negative exponential 
distribution. 
The following is the function: 
 
  -t/1P t e                    (5) 
 
Here, P(t) means the probability the service time less 
than t seconds;  means the average service efficiency 
(the number of ship per unit time). 
In the simulation, random number R, namely two 
ships arrival interval were obtained by using [0, 1] 
uniformly distributed random numbers. If 
kT  means K 
ship arrival moment, the k+1 ship arrival time can be 
expressed as: 
 
1k kT T R                                                              (6) 
 
Using the formula, according to historical data or 
according to the type of ship, the prediction of ship 
tonnage, ship size distribution, vessel traffic flow which 
is composed of a variety of vessel can be formed in the 
simulation time period. 
 
The vessel traffic flow model 
Vessel traffic flow is the result of competition and 
cooperation between ships [1].Ship behavior in the 
waterway is random which can be expressed as a three 
tuple. Although they are independent from each other, 
they get local interaction between each other. 
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 tra , _ , _ffic ship ship rate ship act  
Where ship means vessel， ship_rate is the ship's 
proportion， ship_act means ship ‘s behavior in the 
channel. 
 
Route model 
Route model is used for control the trajectory of ship 
entering and leaving port. Route model is decided by the 
alignment of the approach channel and navigation rules, 
as shown in fig 3, the route model gives the following 
definition: 
In simulation system, starting point is point of the 
vessel from the anchorage in port and waterway. End 
point is point of mooring or leaving the port. For the ship 
of loading and unloading operations at the port, the 
stopping point is a berth in port; for the ship of just 
passing port and channel, stop point is the position of the 
ship leaving the port channel. Route is the trajectory of 
ship entering and leaving port. The cross point is cross 
point of any two or more than two days route. 
 
 
Fig.3.  Route 
 
In the process of system simulation, motion of the 
ship in port and waterway is determined by the route 
model. For example, the ship moves along the route 
from starting point to end point. After arriving at the end 
point away from the channel, the ship enters to the next 
state. For outbound vessels, the ship move along with the 
opposite route from end point to starting point. 
 
Ships movement model 
The movement of ship can be expressed as the first 
order approximation equation of motion: 
 
 x p
d
m m T r
dt

                      (7) 
d
T K
dt

                       (8) 
 
Here, m  is the quality of ships, 
xm is additional 
quality; 
pT  is ship propulsion.   is speed ；  is 
rotational angular velocity of ship；  is rudder angle; 
T  is the coefficient；K  is rotary index. 
 
Behavior characteristics model of ship 
According to the navigation characteristics of ships 
in the port channel, the following behaviors of the ships 
can be defined. 
Sailing into port refers that the ship sails along the 
channel from the outside water to the inside water of a 
port.  
Leaving port refers that the ship sails along the 
channel from inside water to outside water of a port. 
Mingling out refers the behavior that the ship leaves 
the queue of the ships sailing into the port. When the 
ship needs sail across the channel, it can be called 
mingling out at the other side. In contrast, it can be 
called mingling out at the same side. 
Mingling into refers the behavior that the ship sails 
into the queue of the ships sailing out of the port. When 
the ship needs sail across the channel, it can be called 
mingling into at the other side. In contrast, it can be 
called mingling into at the same side. 
Cutting across refers that the ship sails across the 
channel, but it’s neither mingling into nor mingling out. 
In the simulation model, the above behaviors of the 
ship are usually decided by computing the characteristics 
of the ship queue. 
Supposing that 
inQ  is the ordered queue of the ships 
sailing into the port and 
outQ  is the ordered queue of the 
ships sailing out of the port, we can see that: 
①whether or not the ship coming port can enter 
inQ  
needs meet the following conditions:  
safSS
DD n
in

 ，  
in which  
 
n
m
safS S
D D


is the distance between the ship planning 
to enter the port and the last ship of 
inQ . 
②the ship can mingle out at the same side at any 
time as it is needed; but when the ship needs mingle out 
at the other side, it will meets:   
cross
saf
out
s DD  ， in which 
out
sD  is distance between 
any two ships in 
outQ , 
cross
safD is the minimum safe distance 
for sailing across. 
③when the ship needs mingle into the queue at the 
other side, it will meet: 
cross
saf
in
os DD   and 
in
saf
out
os DD  , 
in which 
in
osD  is distance between any two ships in 
inQ , 
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out
osD is distance between any two ships in 
outQ , 
in
safD is 
the minimum safe distance for mingling into the queue. 
But when the ship needs mingle into the queue at the 
same side, it only needs meet: 
in
saf
out
os DD  . 
④whether or not the ship can cut across the channel, 
it needs meet: 
cross
saf
out
s DD   and 
cross
saf
in
os DD  . 
 
The weather model 
According to the historical weather data for many 
years, weather characteristic is studied and analyzed. 
According to the habits and characteristics of voyage and 
the navigation rule in the port, a simple weather model 
can be established as following: 
 
Wea={ Two-way traffic weather，One-way traffic 
weather，Not navigable weather } 
 
Tidal model 
Tianjin port is irregular semidiurnal tidal ports. 
According to the characteristics of Tianjin port tide, 
considering the influence of tide on navigation, tidal 
model is as follows: 
The corresponding variation between tidal and time:  
 
   coss i i i
t
A t M h q t g                              (9) 
 
1,2,3...i 
  
Where, 
sM is mean sea level, ih   is the i  tidal 
amplitude; 
iq  is the i  tide angular velocity; ig   is the i  
tide first corner. 
In the simulation, eight main tidal constituents is 
used, such as
1 1 1 1 2 2 2 2, , , , , , ,Q O P K N M S K . 
 
Simulation Results of the Navigating Capacity of the 
Main Channel of Tianjin Port 
 
The ship arrived, leaving port rules 
According to statistics, arrival rate of the large port in 
the statistics is generally obeyed the normal distribution. 
According to the forecast, the main channel of Tianjin 
port in 2015 is expected to reach about 57789 shipping / 
year. 
The average arrival rate and entering or leaving 
Tianjin Port rate is about 159 shipping per day. the 
average arrival rates was slightly larger than the average 
inward Tianjin Port rate and the average Outward 
Tianjin port rate(about 0.03%~0.2%), but the difference 
is very small.  Seen from the average situation, it won't 
appear pressure port or harbor phenomenon obviously. 
Because of the   
Because navigable conditions every day are different, 
there is still pressure port and harbor phenomenon within 
a certain period of time. The simulation results show that, 
ship overstock number about 150 times per year, 
demurrage port number is about 170 times per year.  
 
The average accumulated waiting time of ships 
During the process of the ship coming in the port or 
leaving the port, the ship need to wait at the anchorage or 
berth because of the weather conditions (including 
meteorological and hydrological conditions), the channel 
capacity and traffic rules. 
Under the number of ships in the harbor in the 2015 
and experimental design navigation scheme, the average 
accumulated waiting time is about 2~3 hours for the 
factors of Navigation channel. Waiting time is about 1 
hour for the factors of the weather condition. 
By 2015, 55%~68% ship's average waiting time is 
less than 0.5 hours and waiting for departure time of less 
than 2% of the ship is more than 24 hours. Increasing 
speed, reducing the average distance between ships can 
reduce the waiting ships ratio and reduce the average 
accumulated waiting time. 
 
CONCLUSION 
The change process of channel slope is analyzed in 
the paper and it is proved the 1: 3 design angle of the 
navigation channel slope is safe based on numerical 
analysis and field test.  
A simulation model is established to forecast the 
main channel through capacity of Tianjin port which can 
comprehensively reflect the characteristics of compound 
channel simulation model.The test results show that from 
the annual average ship overstock rate and demurrage 
rate, channel through capacity of Tianjin port can meet 
the demand of vessel's entering or leaving port. However, 
due to the weather or other traffic rules, there is still 
pressure port and harbor phenomenon within a certain 
period of time. By 2015, 55%~68% ship's average 
waiting time is less than 0.5 hours and waiting for 
departure time of less than 2% of the ship is more than 
24 hours. Ship overstock number is about 150 times per 
year and demurrage port number is about 170 times per 
year.  
In this paper, the 3-D tidal flow and sediment 
mathematical model for Tianjin port channel is 
established. An empirical formula which can compute 
the deposition of the compound navigation channel is 
also built. The deposition of Tianjin port channel is 
calculated by above two methods and two results are 
coincident. 
The research results can be used in the construction 
of the Dagusha, Gaoshaling and Dagang port area. It can 
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save at least 200 million yuan in channel engineering 
within the next few years.   
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